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Abstract

Analysis of weathering parameters of bones from cave deposits is presented as a useful tool of palacoenvironmental
reconstruction. As an example, we studied profiles of sediments in two Palaeolithic sites: Nietoperzowa Cave and
Deszczowa Cave. Our studies included histological and EDS analyses of bone remnants found in these profiles. This
method allowed us to reconstruct the changes of palacotemperature and palacohumidity, and finally the climatostrati-
graphy of sediments. The results presented here put a new light onto the stratigraphy of Deszczowa Cave’s filling. In
particular, besides the Vistulian sediments (MIS 2-5d), we confirmed the presence of layers formed during the Penul-

timate Glaciation (MIS 6) and Eemian Interglacial (MIS 5e).
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INTRODUCTION

An important element in the studies of Palaeolithic cave
sites, is the reconstruction of palacoenvironment and palaco-
climatic changes at the time of sedimentation of particular
strata and cultural layers. Besides the composition of sub-
fossil fauna remnants, the study of weathering degree of the
sediment components, including limestone rubble, are the
tools for the reconstruction of past environment fluctuations.
Such methods have been already used in the investigation of
Polish Palaeolithic cave sites, however their results were not
always clear and comparable with each other (Madeyska
1981).

Looking for the supplementary information about the
past environment, we propose a new method, i.e. analysis of
weathering and early diagenesis of bones. The particular aim
of this paper is to make an attempt to correlate the sequence
of sediments from Deszczowa Cave with the stratotype pro-
file of Nietoperzowa Cave, on the basis of the analysis of
bones.

THE SITES

Two caves were chosen for the study, both situated on
Krakow—Czgstochowa Upland, so called Polish Jura Chain,
in southern Poland (Fig.1).

Nietoperzowa Cave (NC in the later text) is one of the
most important cave sites in Poland with Middle and Upper

Palaeolithic cultural layers and Pleistocene sediments treated
as the stratotype profile of Late Penultimate Glaciation (MIS
6), the Eemian (MIS 5e) and Vistulian (MIS 5d-2) (Rézycki
1967, Madeyska, 1982, Mojski 1985, Lindner 1992, Wojtal
2007). Stratigraphy was based on geological, palacontolo-
gical and archaeological evidence (Chmielewski 1961, 1975,
Kowalski 1961, Madeyska-Niklewska 1969, Madeyska
1981, Wysoczanski-Minkowicz 1969). It should be men-
tioned that according to Wysoczanski-Minkowicz (1975) the
sediments of pre-Vistulian age do not occur in the cave, how-
ever it was an isolated opinion. Except of the bottom section
of sediments accumulated in flowing water, the whole series
originated in dry cave and it contains loams with limestone
rubble. Its lithological composition and traces of differenti-
ated degree of weathering indicate on climatic changes dur-
ing the sedimentation. Bone remnants belong to different
species of vertebrates, some of them are characteristic for
particular environments. Exploration of the site was termi-
nated in 1969 and that is why only one radiocarbon date of
charcoal is available. Basing on these data it was stated that:
the oldest part of dry cave sediments — layers 16—14 contain-
ing loess material — originated during the end of penultimate
glaciation; layers 13—12 with traces of strong chemical wea-
thering represent the Eemian Interglacial (MIS 5e); layers
11-10 — Early Vistulian (MIS 5a—5d); loess layer 9 corre-
sponds to MIS 4; layers 8—4 are dated to Interplenivistulian —
MIS 3; loess layer 3 to LGM — MIS 2; and layers 1-2 to the
Late Vistulian and the Holocene.



44 M. T. KRAJCARZ & T. MADEYSKA

SEDIMENTS OF NIETOPERZOWA CAVE SEDIMENTS OF DESZCZOWA CAVE
om om
Olm. ~ m (e ] HOLOCENE
HOLOCENE
oL & _ _ ®
& ® Younger q®
Plenivistuli —
enivistulian @ Younger
_L —| Plenivistulian
POLAND o @ — VISTULIAN H @ VISTULIAN
®) (ULTIMATE)
© GLACIATION @ el
® Inter- Inter- GLACIATION
plenivistulian @ plenivistulian,
6 4 Older
Deszczowa ivistuli
~|Older Plenivistulian
Cave ® _{Plenivistulian g:l or
i ) Early Elarly‘
Og;e\fgperzowa s Vistulian ) Vistulian
@ EEMIAN ® | _
@ INTERGLACIAL
10 | SAALIAN LITHOLOGY: |] loess
% g’IFANCLIJlA_EgﬁTE) [N] humus Il silty loam
19 []sand [_]loam
el © ] TERTIARY " [Jsitysand  [jclay

Fig. 1.

Localization of Deszczowa Cave and Nietoperzowa Cave in Poland, and litho-stratigraphical profiles of the caves’ sediments. The

shown thicknesses of layers are the maximal known. Numbers in circles are numbers of layers, given in original publications
(Madeyska-Niklewska 1969, Cyrek et al. 2000). The layers: 1-16 from Nietoperzowa Cave and III-VII from Deszczowa Cave contain a
limestone rubble. Stratigraphy of sediments from Nietoperzowa Cave is shown according to Madeyska (1982), and from Deszczowa Cave —
according to Cyrek et al. (2000); however please note an alternative interpretation of Nadachowski et al. (2009), described in the text.

Deszczowa Cave (DC in the later text) is another inter-
esting archaeological site with the sequence of several Mid-
dle and Upper Palaeolithic cultural layers. Stratigraphical
position of its sediments is based on geological analysis
along with U/Th and radiocarbon dates (Cyrek et al. 2000,
Lorenc 2006, Krajcarz 2010), and the sediments generally
correspond to the younger part of the sequence from Nieto-
perzowa Cave (Fig. 1). However Nadachowski et al. (2009)
recently presented new data of faunal analysis, mainly of ro-
dent remains, positioning the lowest layers (I-IV) below
Early Vistulian or even below Eemian Interglacial (i.e. below
MIS 5). The overlying layers (V—VII) in their scheme are re-
lated to Interplenivistulian (MIS 3), with an erosional hiatus
between the layers IV and V.

MATERIAL AND METHODS

Material

The materials examined in this paper were samples of
bones and limestone rubble from Deszczowa Cave and Nie-
toperzowa Cave. The samples were collected during archae-
ological field expeditions — from DC in the years 1989-1997
and from NC in the years 1961-1969.

The samples of the following layers were available to the
authors. From Deszczowa Cave: layers I11-X for bone analy-
sis (only the bones from these layers were stored) and layers
III-VII for limestone rubble morphology (layers with abun-
dant limestone clasts). From Nietoperzowa Cave: layers
3—16 for bone analysis, and for limestone rubble morphology
— layers 3—12. Other layers were not examined, because of
lack of the rubble or bones.

The sediment samples of similar weight (ca. 10 kg of
sediment for each layer) were taken from the same vertical
profile. The rubble samples were retrieved from sediment

samples by careful sieving and removing the fraction finer
than 10 mm. The lithological analysis including morphology
of the limestone rubble was conducted in the 1960s for sam-
ples from NC, and in the 1990s for DC.

Portions of the removed finer fraction (< 10 mm), con-
taining bone remains, were stored in the Institute of Geologi-
cal Sciences, Polish Academy of Sciences, dried and packed
in moisture-proof plastic bags. Histological analysis of bone
remains from both caves was made dozen years later, in the
years 2006-2008. Luckily, the well prepared storage in dry,
cold and dark conditions had preserved the material against
decaying or any contamination.

Bone fragments were picked from the sediment samples,
cleaned in distilled water, dried and processed to micro-
scopic sections. Only the fragments meeting the following
criteria were chosen for examination: long bones (in anatom-
ical sense); length of fragment about 10 mm; weight about 1
g; preserved bone surface as well as cortical and spongy tis-
sues; cortical tissue about 3—4 mm thick. None of the exam-
ined bones was determined to a species level due to a
fragmentary preservation, however the former criteria pro-
vided that only long bones of big mammals were chosen (the
chosen thickness of cortical tissue of long bones indicates
mammals bigger than roe deer but smaller than bison). 10
bone fragments from each layer were taken to histological
and EDS analysis.

Morphology of limestone rubble

Analysis of limestone rubble morphology was con-
ducted according to the well known method (Chavaillon-
Dutrievoz 1955, Laville 1964), adapted and developed later
by Madeyska-Niklewska (1969, 1971). For the analysis, we
selected only big rubble samples, containing statistically rep-
resentative amount of limestone clasts (300-500 clasts each).
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Photographs of chosen limestone clasts, exemplifying different clast morphology. A —smooth clasts, without corrosive pits or min-

eral covers. B — clasts with smooth edges, without corrosive pits or mineral covers. C — sharp-edged clasts, without corrosive pits or mineral
covers. D — clasts with corrosive pits. E — clasts with mineral covers. All samples come from Nietoperzowa Cave.

Each rubble sample was sorted by macro- and microscopic
features into three kinds (see also Fig. 2): (1) smooth clasts,
(2) clasts with smooth edges and (3) sharp-edged clasts. Ad-
ditionally each group was divided into two parts i.e. clasts
with and without small corrosive pits. The number of clasts in
each group was counted and proportion between the numbers
was presented on the diagram.

Histological analysis of bones

Histological analysis was performed with the method
described by Hedges et al. (1995). Chosen bone fragments
were impregnated with epoxy, glued on a glass slide and
polished to achieve transverse sections of cortical tissue. In
addition, a small piece of each chosen bone was kept for
chemical EDS analysis.

Each specimen (thin section) was classified — according
to microscopic features of cortical tissue visible in transpa-
rent light — to one of six kinds, named the values of histologi-
cal index (H.I.). The values from 0 to 5 were recognized as
follows: (0) none histological structure apart Haversian ca-
nals identifiable, (1) small areas of well preserved structure,
or some lamellar structure preserved, (2) lamellar structure
well preserved between destructive foci, (3) some areas with
well preserved all elements of structure, (4) only minor
amounts of destructive foci, and (5) very well preserved
structure, indistinguishable from fresh bone (Fig. 3). In addi-
tion, the presence of radial cracks around Haversian canals
were noticed, according to Pfretzschner (2004), with divi-
sion into three groups: (a) numerous cracks, if they run across
whole osteons and were visible in almost all osteons, (b)
sparse, if they were visible only in peripheral parts of some
osteons, and (c) none, if cracks were absent (Fig. 3). It must
be remembered that this analysis, likewise the rubble mor-
phology analysis, is always subject to personal view and ex-
perience. The preservation of histological structure, firstly
determined under transparent light microscope, was also
confirmed using electron microscope, according to Bell
(1990).

EDS analysis of carbon content

Fragments of each bone sample were subjected to
microprobe chemical analysis (EDS). The samples were
washed in 5% HCI for 10 minutes to remove carbonates, and
next washed in distilled water and dried. The analysis were
conducted using JEOL JSM-6380LA electron microscope
with EDS analyzer, in Engineer Geology Lab, Faculty of Ge-
ology, Warsaw University. Contents of carbon, calcium and
phosphorous were measured, with several repetitions for
each fragment.

RESULTS — A RECORD OF WEATHERING
Limestone rubble morphology

Percentages of three morphological classes of clasts in
each layer are presented in Fig. 4. Different proportions of

HISTOLOGICAL INDEX

Hl.=0 Hl=1 ~{HlL=2
HL=3|[ Hl.=4 Hl =5
RADIAL CRACKS

none == sparse numerous|

Fig. 3. A schematic key to identification a value of histological
index (six upper schemes) and the presence of radial cracks (three
lower schemes), after Krajcarz (2010), modified.
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Organic carbon content values are rounded to whole numbers,
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Fig. 4. Columns on the left side: Parameters of bone weathering for layers from Nietoperzowa Cave and Deszczowa Cave. Note narrow
range of H.I. values for each layer. Diagrams on the right side: Participation of morphological classes of limestone rubble in layers from
Nietoperzowa Cave and Deszczowa Cave. In Deszczowa Cave the upper layers (VIII-XI) have a limited abundance of the limestone rubble.
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Microscopic photographs of chosen bone samples from Nietoperzowa Cave. A — layer 12, histological index (H.I.) = 0, structure

totally destroyed, numerous radial cracks. B—layer 4, H.I. = 1, numerous radial cracks. C —layer 6, H.I. = 2, no radial cracks. D — layer §, H.I.
= 3, no radial cracks. E — layer 14, H.I. = 4, sparse radial cracks. F — layer 3, H.I. = 5, structure very well preserved, no radial cracks.

these classes in sediments are a well understood record of
ancient climatic conditions (Madeyska 1981, 1982, Miro-
staw-Grabowska 2002). Higher percentage of smooth clasts,
along with lower amount of sharp-edged ones, testifies the
warm conditions during accumulation. In NC such record is
evident in the layers 7-8, and especially in the layer 12. The

highest percentage of sharp-edged rubble is noticed in the
layers 3 and 9. The sediments from DC are comparatively
poor in limestone rubble. The layer IV is a one with the great-
est amount of smooth clasts. The coldest conditions are re-
corded by high amount of sharp-edged rubble in layer VIII
(data not shown in Fig. 4 due to small amount of rubble).
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Fig. 6. Diagrams of organic carbon content in bones in the pro-

files of sediments from Nietoperzowa Cave and Deszczowa Cave.

The presence of corrosive pits or hollows on limestone
clast’s surface is interpreted as an indicator of humid condi-
tions during accumulation, connected with acidification of
water seeping into the cave (Madeyska-Niklewska 1969,
Madeyska 1981). In NC the sediments mostly enriched in
such clasts are found in the layers 4, 6, 8, 10, and especially
11a, 11band 12. In DC the layers III, IV and V show the same
feature. It is assumed that these layers were formed under the
most humid conditions.

Histological index

Wide spectra of H.I. values were observed in samples of
bone remains from both caves (see also Krajcarz2010, where
some results for DC were first presented). The chosen photo-
graphs are shown in Fig. 5, and full documentation in Fig. 4.
In most cases only one or two values are observed in one
layer (Fig. 4). It testifies the homogeneity of bone assem-
blage in each layer, and additionally shows that the bones of
the same size and similar anatomical structure are the object
of similar weathering changes, despite their systematical af-
finity.

The values of histological index may easily be inter-
preted in terms of palacoclimate (Hedges et al. 1995, Hedges,
Millard 1996, Smith et al. 2007). Lowering of H.I., related to
a damage of internal structure, is connected with microbial
attack (see Smith et al. 2007). Lower values represent thus
warm conditions, when microbial activity was more inten-

sive. The highest values, describing well preserved histo-
logical structure, represent the most severe conditions during
bone accumulation, like in the periods of periglacial or arctic
climate, when microbial activity was limited. In NC the high-
est H.I. values occur in the layers 3, 9—-10 and 1415 (Fig. 4).
It allows us to correlate them with some stadials of Pleisto-
cene glaciations. The same is linked to the layers Il and
IX-X from DC. The distribution of the lowest H.I. values
shows which layers were accumulated under the mildest cli-
matic conditions. Among them there are: layer IV from DC
and layers 12—13 from NC, and also, but less distinctive,
layers 45 and 7-8 from NC and VII from DC.

Radial cracks

The presence of radial cracks in osteons is interpreted as
an effect of weathering in water or in humid conditions
(Pfretzschner 2004). It is explained by different distribution
of stress inside osteon, caused by contraction and expansion.
Numerous radial cracks observed in a bone assemblage indi-
cate humid climate during either accumulation, weathering
or early diagenesis of bones. The analysis proved that such
climatic conditions occurred during sedimentation of the
layers 4 and 12—13 from NC and IV and X from DC.

Carbon content in bones

Carbon content is treated here as a function of collagen
contentin bone. However apart organic carbon there may oc-
cur mineral carbon in bone, bound in calcite or carbonate ap-
atite (Iacumin et al. 1996). The values shown in Fig. 4 are
concentrations of organic carbon only, based on EDS analy-
sis. The mineral carbon was removed by washing in acid, and
additionally concentrations of organic carbon were calcu-
lated from the content of C, Ca and P, with the assumption
that the whole calcium is stoichiometrically bound either
with phosphate or with carbonate, and that the whole carbon
is either stoichiometrically bound with Ca as a carbonate, or
it is of organic origin. Because the carbonate carbon may be
also included in apatite in an other way than bound with cal-
cium (i.e. in the position of OH groups, however in trace
amount) the values shown in Fig. 4 should be treated as ap-
proximate. The content of organic carbon, treated as content
of collagen, is dependent on weathering and connected with
the degradation of histological structure (Hedges et al
1995). A diagram of collagen (or organic carbon) contentas a
function of accumulation time or, simplifying, of sediment’s
depth is known as collagen index. Collagen index for NC is
shown in Fig. 6, in comparison with collagen index pub-
lished by Wysoczanski-Minkowicz (1969), the latter one de-
termined basing on weight loss of bones after burning in
800°C.

Note the occurrence of three distinct peaks in the dia-
gram of Nietoperzowa Cave, in the layers 4, 8 and 12—13, in
comparison to two peaks on the Deszczowa Cave diagram, in
the layers IV and VII. In Nietoperzowa Cave an additional
peak for the layer 11a is also visible on the diagram based on
EDS analysis, however it is absent on the literature-derived
diagram. That may be due to less precise sampling of Wyso-
czanski-Minkowicz who treated both layers 11a and 11b as
one layer 11.
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Fig. 7. Reconstruction of climatic changes during accumulation of sediments from Nietoperzowa Cave and Deszczowa Cave. The recon-

struction is based on limestone rubble morphology (according to Madeyska 1981) and bone weathering parameters (H.I. values as
palaeotemperature indicator and the presence of radial cracks as palaeohumidity indicator; new data).

Despite some differences, the general similarity of the
two diagrams should be regarded. It indicates the correctness
and mutual verifying of both methods.

DISCUSSION

The weathering and palaeoclimate

Correlation between two cave fillings — on the basis of
weathering effects — may be possible only if we assume that
the two caves were exposed to weathering factors at the same
or similar degree. In the specific case of the two sites ana-
lysed here, it should be noticed at first that these caves are not
identical either in their geometry or geomorphology, as well
as lithology of sediments. Nietoperzowa Cave is much big-
ger tunnel-like cave, where the samples were taken about 20

meters from the entrance. Deszczowa Cave is rather small
and shallow cavern, with a total length of 15 meters. It sug-
gests that the sediments from Deszczowa Cave, situated
closer to the outside environment, would be more weathered
than the ones from Nietoperzowa Cave. In addition, in
Deszczowa Cave there are mainly sandy sediments, more po-
rous and prone to weathering, while in Nietoperzowa Cave
there are clayey or silty loams, better preserving rubble or
bones. However, the layers with more and less advanced
weathering could be indicated in both caves. The sequences
of degree of weathering effects in the profiles of sediments
may be used as a tool to find a palaeoclimatic correlation —
and a stratigraphical correlation as a result.

An attempt to reconstruct palacoclimatic changes that oc-
curred during sedimentation in both caves is shown in Fig. 7.
The changes of temperature are reconstructed on the basis of
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Correlation of the most distinctive peaks of the palaeotemperature curves reconstructed for sediments of Nietoperzowa Cave and

Deszczowa Cave with the palacoclimatic curve of the late Quaternary of Poland. The numbers next to the curves denote layers of sediments.

H.I. values, so they are shown in six-level scale. In addition,
palaeotemperatures derived from the participation of smooth
clasts and sharp-edged clasts are also presented. The changes
of humidity were reconstructed based on the presence of ra-
dial cracks in bone osteons, and also on the basis of the abun-
dance of limestone clasts with corrosive hollows.

There are two distinct episodes of warm and humid cli-
mates recorded in both caves. The older episode represents
the warmest and most humid conditions and it is related to the
layers 12—13 from NC and the layer IV from DC. The second
one represents weaker warming and is recorded in the layers
4 and VII, respectively. From NC there is an evidence for ad-
ditional weak warm episode in the layer 8, however there is
not similar evidence from DC.

The important argument which helps to build the strati-
graphical correlation is the presence of three distinctive

peaks of severe climate, recorded both in NC and DC (Figs 7
and 8). These peaks may be easily correlated with three cold
stadials, known in glacial geology as three main last periods
of glacier advances (Mojski 2005). They are: Warta Stadial
of Saalian (Penultimate) Glaciation, Swiecie Stadial (Older
Pleniglacial) and Main Stadial (Y ounger Pleniglacial, LGM)
of Vistulian Glaciation.

Stratigraphical correlation of the two sites studied

We believe that the two distinct episodes of warm and
humid climate, clearly marked on diagrams (see Fig. 7), may
be correlated between two caves (Fig. 8). The older episode
is marked in Nietoperzowa Cave in the layers 12—13. Ac-
cording to many other known data (Kowalski 1961, Madey-
ska-Niklewska 1969, Wysoczanski-Minkowicz 1969, Chmie-
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lewski 1975, Madeyska 1981, Wojtal 2007) this peak of
weathering intensity should be related to the Eemian (MIS
5e). The interglacial position of these layers is confirmed by
the highest values of weathering parameters in the whole pro-
file. The overlying layers — 11b, 11a and 10 — were initially
attributed to the Eemian sensu lato (Madeyska-Niklewska
1969). That attempt was in accordance with the concept of
the stratigraphy of Quaternary in Poland accepted at that time
(Rozycki 1967). The position of the mentioned layers, in-
cluding layer 12, according to the faunal composition, was
then moved to the Early Vistulian (Madeyska 1981). Our
data confirm that the climate during accumulation of these
sediments (layers 11-10) was cooler than during Eemian
Interglacial (layers 13—12), although the conditions were still
quite warm and humid. The Eemian position of layer 12 and
post-Eemian position of layers 10—11 are undisputed. In the
light of modern stratigraphy of Late Pleistocene these layers
should be connected with the warm episodes of Early Vistu-
lian, like Brerup and Odderade interstadials (MIS 5d—5a, see
e.g. Donner 1996, Allen, Huntley 2000, Caspers, Freund
2001). In Poland in the years 1960s, these interstadials were
included in the Eemian (R6zycki 1967), so the former stratig-
raphy was compatible with the one proposed here.

In Deszczowa Cave a similar peak of intensive weather-
ing upon warm and wet climate is readable in the layer IV.
Likewise the layers 12 and 13 in NC, this layer is characte-
rized by the most distinctive weathering effects along the
whole profile. It is clear that — on the evidence of rubble mor-
phology, bone structure preservation and collagen content in
bones — the layer [V from DC and the layers 12—13 from NC
may be correlated with each other and located in the strati-
graphical position of Eemian Interglacial. The underlying
layers: 14—16 from NC and I-III from DC are related to Pen-
ultimate Glaciation (MIS 6). Such interpretation confirms
the concept of Nadachowski et al. (2009), who placed the

Cross-section of sediments from Deszczowa Cave (according to Cyrek ef al. 2000, simplified). Erosional boundaries are traced

lowest layers in DC (layers I-IV) in the pre-Vistulian (before
MIS 5).

The sediments of layer V from DC, in the light of our re-
sults, had weathered under warm and humid conditions, only
slightly more severe than the Eemian. These conditions allow
to correlate this layer with the layers 10—11b in NC, and with
the Early Vistulian. In the overlying layers VI and VII we can
find an indication of increasing weathering, similar to situa-
tion observed in the layers 4 to 7 in NC. Such climatic succes-
sion allows us to correlate these sediments with climatic
cooling in the middle of Interpleniglacial (MIS 3) and the fur-
ther optimum in the final part of the same interstadial. The
layer 3 in NC and the layer VIII in DC show similar degree of
weathering, both on the basis of limestone rubble weathering
and bones weathering. These layers seem to be accumulated
under the most severe climatic conditions since the Saalian
Glaciation (since MIS 6). In DC the next two layers — X and
XI — represent the later part of the Upper Pleniglacial rather
than the Late Glacial (compare with Cyrek et al. 2000,
Nadachowski et al. 2009), due to indications of weathering
still under severe climate.

Discussion of the lithological data

In both caves there are some loess layers (see Fig. 1), i.e.
layer VIII in DC and layers 14, 9 and 3 in NC. The loess lay-
ers may be correlated with main episodes of loess accumula-
tion on the open sites of southern Poland and with the periods
of periglacial conditions (Mojski 1985, Lindner 1992, Ma-
deyska 2002, Mirostaw-Grabowska 2002). The two best de-
veloped loess layers (3 in NC and VIII in DC) should be cor-
related with each other and with the main period of loess
accumulation, i.e. the Upper Pleniglacial (Last Glacial Maxi-
mum, MIS 2). The severe climatic conditions indicated by
loess character stay in accordance with our interpretation of
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Fig. 10. Stratigraphical correlation between layers from Nietoperzowa Cave and Deszczowa Cave, proposed by the authors. All known ra-
diocarbon dates for both sites and archaeological cultures are shown to support the correlation. Layers 1, 2 from Nietoperzowa Cave and lay-
ers I, [l and XI from Deszczowa Cave were not examined in this work and their stratigraphical position presented here is only hypothetical.

cold palaeoclimate for the layers 14, 9 and 3 in NC and layer
VI in DC.

Nadachowski ef al. (2009) proposed a wide hiatus be-
tween the layers IV and V in DC. Our analysis of cross-sec-
tion of sediments in Deszczowa Cave shows an erosional
episode, but in the upper position, with erosional surface at
the bottom of the layer VI (Fig. 9). This erosional horizon fits
well to our stratigraphical interpretation. The absence of any
signs of climatic collapse over the Eemian layer in the lower
part of the DC profile suggests that the sediments of Lower
Pleniglacial (or Lower Plenivistulian, MIS 4) have been
eroded. Probably the hiatus between the layers V and VI cor-
responds to very long period, encompassing late Early Vistu-
lian, whole Lower Pleniglacial and Early Interpleniglacial.

Discussion of the palaeontological data

The biostratigraphy of sediments from NC, presented by
Kowalski (1961) and based on the palacoecological analysis
of rodent remains, is fully compatible with our stratigraphi-
cal interpretation.

Nadachowski et al. (2009) located the lowest layers
from DC (layers I-1V) in position of the so-called Warta Gla-
ciation (MIS 6) on the basis of palacontological data. The

primitive rodents morphotypes (Dicrostonyx cf. simplicior,
Microtus oeconomus malei) along with presence of small fox
(Vulpes cf. praeglacialis) (Cyrek et al. 2000, Nadachowski
et al. 2009) indicated the pre-Vistulian age of these sedi-
ments. A small wolverine from layer III (Gulo gulo, M.T.
Krajcarz unpublished data), typical for the Saalian sedi-
ments, also confirmed our interpretation.

However, our new data stay in contradiction to the pro-
posed by Nadachowski et al. (2009) position of layer IV. In
their opinion that layer should be connected with late Saalian
(Warta, MIS 6). Our data clearly suggest the interglacial age
of that layer. Stratigraphical interpretation of Nadachowski
et al. is based mainly on the participation of rodents species
with different ecological requirements. However some non-
quantitative data shown by them and also by Cyrek et al.
(2000) may support our suggestion. These data include the
presence of forest or thermophilic species in the sediments of
layer IV, like: Ursus arctos, Lutra lutra, Glis glis or Tetrao
tetrix.

Discussion of the archaeological data

The Micoquian flint knives of Bockstein type were
found between stone artifacts assemblage of layer V in DC
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(Cyrek et al. 2000). Such artifacts are connected in Europe
with either late Eemian or the phases of Early Vistulian
(Derek 1981, Madeyska 2002), which allows to accept our
interpretation of Early Vistulian age of layer V. In addition,
the presence of Micoquian assemblage in layer V from DC
supports the correlation of the mentioned layer with the layer
10 in NC, where the Micoquian artifacts were also found
(Chmielewski 1975).

The assemblages of Jerzmanowician culture were found
in layers 4-6 in NC and a single assemblage of Aurignacian
culture in layer VII in DC. Both cultures indicate the early
phase of Upper Palaeolithic (so they are connected with MIS
3) and allow us to correlate these layers with each other.

Discussion of the geochronometrical data

The only radiocarbon date known from NC (38 160 +
1 250 BP, charcoal, layer 6, Chmielewski 1975) stays in ac-
cordance with our stratigraphical scheme. The layer VI in
DC, correlated by the authors with layer 6 and several older
layers from NC, has two radiocarbon dates, both over 40 000
BP (Nadachowski ef al. 2009). These dates are close to the
limit of the method, however they allow us to accept the cor-
relation. The layer VII in DC, correlated as directly younger
than the layer 6 in NC, has many radiocarbon dates (see Fig.
10). The oldest of them (about 31 000 BP, Nadachowski ez al.
2009) fits well to the correlation.

There are only two dates from the lower layers (Lorenc
20006; see also Fig. 10). One of them (about 12 000 BP) may
not be accepted as it does not fit to the whole sequences of
dates. It may be a consequence of an incorrect sampling (K.
Cyrek, pers. comm.). The other date is acceptable, however is
close to the method limit, so we suppose that the true age of
this sediment might be much older than the date suggests.

The dates from the upper layers of DC (see Fig. 10), all
between 15 000 BP and 30 000 BP, support our stratigraphi-
cal scheme.

There are several U/Th dates of speleothems known
from DC (Cyrek et al. 2000). Some of them indicate the Mid-
dle Pleistocene age and are much older than the sediments,
and the youngest ones correspond to the Eemian. The dated
speleothems were found at the cave bottom, directly under
the sediments of layer IV (K. Cyrek, pers. comm.). Data pre-
sented by Krajcarz (2010) suggest, that formation of speleo-
thems was intensive during accumulation of layer IV. This
allows us to connect the dates of the youngest speleothems
with layer IV and to accept the Eemian age of that layer.

Discussion of the geochemical data

Distribution of Mn precipitations and calcite cement in-
dicates that the layer IV in DC was formed under the warmest
and most humid climatic condition (Krajcarz 2010). The
content of organic carbon, phosphates and Fe,O; in the sedi-
ment of layer IV, the highest over the whole profile, also con-
firms the warmest climate (Cyrek et al. 2000). It allows us to
accept our interpretation of interglacial age of layer IV. The
sediment of layer 12 in NC is characterized by the highest
content of organic matter and Fe in the whole profile of NC
(Madeyska-Niklewska 1969). This fact allows us to treat that

layer as interglacial sediment and to correlate it with layer IV
in DC.

Krajcarz (2010) connected the second phase of calcite
formation, however weaker than the first one, with layer VII
in DC. It indicates warm conditions during sedimentation of
that layer and allows us to correlate it with an interstadial.
The presence of initial calcite covers in layers IX and X in DC
(Krajcarz 2010) may probably be connected with later karst
processes during Holocene. However Holocene layers were
not examined in this study.

CONCLUSIONS

Analysis of weathering parameters (or early diagenesis)
of bones from cave sediments is a useful method in research
of cave sites. It gives highly comparable results with litholo-
gical characteristics of cave sediments and with the fauna
composition. This method allowed us to reconstruct the
changes of temperature and humidity, and put a new light
onto stratigraphy of sediments from Nietoperzowa Cave and
especially Deszczowa Cave:

1. layer IV from Deszczowa Cave and layers 12—-13
from Nietoperzowa Cave were formed upon the warmest and
the most humid climatic conditions over the whole sequences
of'sediments from these sites (besides the Holocene, not stud-
ied here), and these layers should be correlated with Eemian
Interglacial (MIS 5Se);

2. the former stratigraphy of sediments from Nietope-
rzowa Cave, published in some earlier papers (summarized
by Madeyska 1981) is confirmed; some doubts concerning
the Eemian age of layer 12 are dispelled;

3. the original stratigraphical position of sediments
from Deszczowa Cave (presented by Cyrek et al. 2000)
should be changed as mentioned by Nadachowski et al.
(2009), however the stratigraphy presented in the latter work
seems only partly correct;

4. layer III from Deszczowa Cave corresponds to the
Saalian Glaciation.

One should expect that the new tool presented here,
would be used in future verification of the stratigraphy of
other important Palaeolithic cave sites of southern Poland.
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